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(54) RLM THICKNESS MEASURING METHOD AND RLM THICKNESS MEASURING APPARATUS 

(57)Abstract: 2i>: 
PROBLEM TO BE SOLVED: To provide a film thickness measuring 
method and a film thickness measuring apparatus which are capable 
of highly precise measurement in the case of multilayer film 
structure. 

SOLUTION: This film thickness measuring method is provided with a 
first measuring process in which a specimen W is irradiated with a 
light, the reflected light is detected, film thickness range of a lower 
layer of a multilayer film is determined by a spectral reflectance 
system or a white light interference system, and the film thickness 
range of the uppermost layer is determined, and a second measuring 
process in which, on the basis of the film thickness range of the 
uppermost layer which is obtained by the first measuring process, 
the specimen W is irradiated with a polarized light, the state of 
polarization of the reflected light is analyzed, and the film thickness 
D1 of the uppermost layer is measured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translat d by computers© the translation may not r fl ct th original pr cisely 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




[Claim(s)] 

[Claim 1] The thickness-measurement method which measures the thickness of the best layer of the multilayer 
formed in the sample front face characterized by providing the following. The 1 st measurement process which 
determines the thickness range of the aforementioned best layer while carrying out incidence of the light to th 
aforementioned sample, detecting the reflected light and a spectral-reflectance method or a white interferenc 
method determining the lower layer thickness range of the aforementioned multilayer. The 2nd measurement 
process which is made to carry out incidence of the light which polarized to the aforementioned sample based on 
the thickness range of the aforementioned best layer obtained in this 1 st measurement process analyzes the 
polanzation state of the reflected light and measures the thickness of the aforementioned best layer. 
[Claim 2] The aforementioned 1st measurement process is the thickness calculation method according to claim 1 
which computes the thickness of the aforementioned best layer from the difference of the maximal value and th 
minimal value of a reflectance spectrum. 

[Claim 3] Thickness-measurement equipment which measures the thickness of the best layer of the multilayer 
formed in the sample front face characterized by providing the following. The 1st test section which is made to 
carry out incidence of the light to the aforementioned sample, detects the reflected light, and determines the lower 
layer thickness range of the aforementioned multilayer, and the thickness range of the best layer with a spectral- 
reflectance method or a white interference method. The 2nd test section which is made to carry out incidence f 
the light which polarized to the aforementioned sample based on the thickness range of the aforementioned best 
layer obtained in this 1st test section, analyzes the polarization state of the reflected light and measures the 
thickness of the aforementioned best layer. The calculation method selection section which chooses a calculation 
method according to the thickness measured. 

[Claim 4] The aforementioned calculation method selection section is thickness-measurement equipment according 
to claim 3 characterized by measuring by the 2nd test section of the above when the thickness computed by the 
1st test section of the above is below given thickness. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method and equipment which measure 
th existence of the multilayered film formed on the substrate using the system of measurement having a 
polarization analysis method, a spectral-reflectance method, or a white interference method, or thickness 
[0002] 

[Description of the Prior Art] As a method which performs the thickness measurement of the thin film formed in the 
sample front face, the polarization analysis method, the spectral-reflectance method, or the white interference 
m thod is learned. 

[0003] The gain (tanpsi) and phase contrast (**) of a polarization component (P polarization) and the component (S 
polarization) to a direction perpendicular to this to a direction parallel to plane of incidence are measured by the 
p tarization analysis method, and these are the functions of a refractive Index n and Thickness D. 
[0004] Si02 formed on Si substrate as an example The relation of the tanpsi. **. and thickness Dl which are 
measured to a film (OA - 2500A) is shown in (a) of drawing 7 . Based on this relation, thickness Dl can be computed 
by the ability to measure tanpsi and **. 

[0005] However, by the polarization analysis method, the property of the thickness calculation algorithm to 

m asuring range is narrow, and a thick film cannot be measured. That is. (a) of drawins 7 shows tanpsi in the cas of 

b ing a monolayer (D2=0 A), **. and the relation of Dl, when there is no lower layer. 

[0006] However, when a lower layer exists (i.e.. when it is a multilayer (D2 !=0 A)), as shown in (b) of drawing 7 , two 
or more tanpsi and ** will exist, tanpsi in case D2 is 0, 500, and 1000 or 1500A. and ** are shown in (b) of drawing 
7 . Moreover, by the case of D2=0 A. and the case of D2=1500 A. a part of tanpsi and ** have lapped and 
distinguishing becomes difficult 

[0007] On the other hand, a spectral-reflectance method or a white interference method has the method of 
computing thickness by fitting [ method / a reflectance spectrum and a theoretical spectrum ] using a global-ar a 
optimization technology by making thickness into a parameter, and the method of computing thickness from the 
feature of package connection of a reflectance spectrum as indicated by JP,7-63524,A and JP 8-20223 B as 
indicated by JP,7-55435,B and JP.2-251 71 1 .8. 

[0008] Although these spectral-reflectance methods or a white interference method reaches far and wide compar d 
with the polarization analysis method mentioned above and can measure thickness, in a thin film 500A or less, its 
change of as opposed to the wavelength of a theoretical spectrum wave in thickness is small, and it cannot compute 
thickness with a sufficient precision. Moreover, thickness is uncomputable unless the refractive index of an object 
film is known beforehand. 

[0009] Since between the above is solved, the system of measurement which has the advantage of both a 
polarization analysis method, a spectral-reflectance method, or a white interference method can be considered. As 
such a thing, there are some which are indicated by JP.5-71923,A. for example. 

[0010] That is, the thickness of several 1000A which computes thickness by the polarization analysis method based 
on the control value of the thickness of the thin film given beforehand if it is about several 100A thickness, and 
cannot be measured by the polarization analysis method - 10 micrometers of numbers is measured by the spectral- 
reflectance method or the white interference method. What was measured with the polarization analysis method is 
used for the refractive index which is needed with a spectral-reflectance method or a white interference method. 
[0011] 

[Problem(s) to be Solved by the Invention] There were the following problems in the above-mentioned conventional 
thickness-measurement method, namely, the time of the film with which this was formed on the substrate being a 
monolayer, although a polarization analysis method measures tanpsi and ** and Thickness D is measured — seeing 
— a chisel — since two or more tanpsi and ♦♦s will come out as shown in (b) of drawing 7 if lower layer thickness 
differs even when th thickness of the best film is the same when it is a multilayer as it is effective, and a 
measuring object film boils and shown, thickn ss cannot b determined 

[001 2] Moreover, in order to choose a **** polarization analysis method, a sp ctral-refl ctanc method, or a white 
interfer nee method for the contr I value information on th thickness of a thin film b forehand, wrth unfixed 
thickness had which measurement m thod is chosen and th problem that it could not d t rmin . 
[001 3] Then, even if this invention is multilayer structure, it aims at off ring th thickness-measurement method 
and thickness-measurement equipment which can perform highly precise measurement. 



http://wwvv4.ipdljpo.gojp/cgi-biri/tran.web.cgLejue 



03/09/1 1 



2/4 i? 



[0014] 

[Means for Solving th Pr blem] In ord r to solve the above-mention d t chnical problem and to attain th purpose 
invention indicated by th claim 1 While carrying out incidenc of th light to the aforementioned sample, detecting ' 
th r fleeted light in the thickn ss-measurem nt method which measur s th thickness of the b st layer f the 
multilay r f rmed in th sample front fac and a spectrahr fl ctanc method or a whit int rf r nee meth d 
determining the lower layer thickness range of the aforementioned multilayer It had the 2nd measurement pr c ss 
which is made to carry out incidence of the light which polarized to the aforem ntioned sampi based on the 
thickness range of the aforementioned best layer obtained in the 1st measurement process which determines the 
thickness range of the aforementioned best layer, and this 1 st measurement process, analyzes the polarization state 
of the reflected light, and measures the thickness of the aforementioned best layer. 

[0015] In invention invention indicated by the claim 2 was indicated to be by the claim 1. it was presupposed to th 
aforementioned 1st measurement process that the thickness of the aforementioned best layer is computed from th 
difference of the maximal value and the minimal value of a reflectance spectrum. 

[0016] In the thickness-measurement equipment which measures the thickness of the best layer of the multilayer 
by which invention indicated by the claim 3 was formed in the sample front face The 1 st test section which is made 
to carry out incidence of the light to the aforementioned sample, detects the reflected light, and determines the 
lower layer thickness range of the aforementioned multilayer, and the thickness range of the best layer with a 
spectral-reflectance method or a white interference method, It had the 2nd test section which is made to carry out 
incidence of the light which polarized to the aforementioned sample based on the thickness range of the 
aforementioned best layer obtained in this 1 st test section, analyzes the polarization state of the reflected light, and 
measures the thickness of the aforementioned best layer, and the calculation method selection section which 
chooses a calculation method according to the thickness measured. 

[001 7] In invention invention indicated by the claim 4 was indicated to be by the claim 3. the aforementioned 
calculation method selection section was made to measure by the 2nd test section of the above, when the 
thickness computed by the 1st test section of the above was below given thickness. 

[0018] As a result of providing the above-mentioned means, the following operations arise. Namely, while carrying 

ut incidence of the light to a sample, detecting the reflected light in invention indicated by the claim 1 and a 
spectral-reflectance method or a white interference method determining the lower layer thickness range of a 
multilayer Since determine the thickness range of the best layer, incidence of the light which polarized is carried out 
to a sample based on this thickness range, the polarization state of the reflected light is analyzed and the thickness 
of the best layer was measured, when performing polarization analysis, a signal can be separated and It becomes 
possible to perform a highly precise thickness measurement. 

[0019] In invention indicated by the claim 2, since [ the 1st measurement process ] the thickness of the best layer 
is computed from the difference of the maximal value and the minimal value of a reflectance spectrum, it can 
perform a highly precise thickness measurement. 

[0020] While carrying out incidence of the light to a sample, detecting the reflected light in invention indicated by 
the claim 3 and a spectral-reflectance method or a white interference method determining the lower layer thickness 
range of a multilayer, and the thickness range of the best layer Siiice determine the thickness range of the best 
layer, incidence of the light which polarized is carried out to a sample based on this thickness range, the polarization 
state of the reflected light is analyzed and the thickness of the best layer was measured, when performing 
polarization analysis, a signal can be separated and it becomes possible to perform a highly precise thickness 
m asurement. 

[0021] In invention indicated by the claim 4, since the calculation method selection section was made to measure by 
the 2nd test section when the thickness computed by the 1st test section was below given thickness, it can choose 
the optimal measurement method according to thickness. 
[0022] 

[Embodiments of the Invention] Drawing 1 is drawing showing the composition of the thickness-measurement 
equipment 10 concerning the form of 1 operation of this invention. Thickness-measurement equipment 10 is 
equipped with the system of measurement 1 1 of the spectral-reflectance method arranged in the sample W upper 
part and the system of measurement 1 2 of a polarization analysis method, and the operation part 20 that computes 
the thickness of Sample W fi^om these outputs. 

[0023] Operation part 20 is equipped with the spectral-reflectance method thickness calculation section 21, the 
extremal-value detecting element 22. the calculation method selection section 23, and the polarization analysis 
formula thickness calculation section 24. The calculation method selection section 23 has the function which 
cho ses whether the thickness measurement by the polarization analysis method is performed from the thickness 
value measured in the spectral-reflectance method thickness calculation section 21. 

[0024] Thus, with the constituted thickness-measurement equipment 10, thickness of the best film of the multilayer 
formed in Sample W as follows is measured. In addition, drawing 2 shows a multilayer typically. Moreover, the 
thickness of a film K1 is [ the thickness of D2, ~, Film Kn of the thickness of Dl and a film K2 ] Dn. 

[0025] The thickness of a multilayer is measured by the system of measurement 1 1 which is a spectral-reflectance 
method first. In addition, the r flection factor R with film composition as shown in drawing 2 of a multilay r is drawn 
as follows. However, incidence of th incid nt light shall b perp ndicularly carri d out t an object film. The 
property matrix Mn f Film Kn is shown by th formula (1). 
[0026] 
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[Equation 1] 
M 



/cosfln I nn U I ngn \ 
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[0027] Moreover, sine it is tii property product of matrices of each class, the property matrix M of a muWIav r 
[Equation 2]. 



IS 



M=nMj - ( . 'M ... (2) 

\ I nn2i m22 / 



[0028] Therefore, when the amplitude reflectance of the multilayer shown in drawing 2 is set to r. a reflection factor 
R is shown by the formula (4). 
[0029] 
[Equation 3] 

r ^'((mn + i mi2 ns)-( I m2i + i m22 Hfi))/ 

(Cmti + i ini2 ns}+( i in2i -I- i m22 n 6 » — (3) 

R : I r |2 — (4) 

[0030] Multilayer structure which a film K2 (n2 =2.0) has on a substrate (nS =3.85-0.02i). and has a film Kl (n1 =4.5- 
0.5i) on it as shown, for example in drawing 3 here is considered. 

[0031] first thickness D2=0 A when lower layer thickness is known about and Thickness D — the spectrum at th 
time of the thickness D1 =0-1 000 A in 2= 1500A — it seems that a spectrum is shown in drawing 4 and drawing 5 
Here, a difference appears in the number of the maximal value or the minimal value, a size, and corresponding 
wavelength. 

[0032] For this reason, the thickness which is the measuring object is separable as rough values such as = (D1 D2) 
(0-1000A, about O A) or (D1, D2) = (O-1000A, about 1500A). ' 
[0033] Next by the system of measurement 12 which is a polarization analysis method, thickness D1 can be 
measured based on either of alpha-delta of drawing 7 based on the rough value mentioned above. 
[0034] In addition, when the lower layer thickness range is also unknown, the thickness range can be further limited 
by peifonming it as follows by the spectral-reflectance method, namely. D — the spectrum at the 1= OA time of 
being D 2= 1500A — a spectrum becomes a thing as shown in [ epsilon ] drawing 5 . and the difference CO of 
maximal value ROmax and minimal value ROmin can be expressed as RO max-ROmin 

[0035] the time of the difference Ci measured by the spectral-reflectance method comparing from drawing 6 . and 
being ** 0.25. when the difference Ci of the maximal value and the minimal value in case D1 is OA - 1000A similariy 
is made into Ci=Rimax-Rimin and thickness D2 is made into 1500A **100A — the thickness's D si existence range 
— about 160A — or since it becomes 450A - about 550A, the range of thickness D1 and D2 can be limited further 
The thickness-measurement range by the polarization analysis method can be limited by this, and thickness- 
measurement precision can be improved. 

[0036] Namely, according to the thickness-measurement equipment concerning the gestalt of this operation, even if 
it can give the unknown sample of thickness If the range of thickness is limited by the spectral-reflectance method 
and it becomes clear that it is a thin film 1000A or less, a polarization analysis method will perform thickness 
calculation based on the rough value. Since the measured value in a spectral-reflectance method will be used if it 
becomes clear that it is the thickness of several 1000A - 10 micrometers of numbers, even if there is no line about 
thickness information, thickness can be beforehand measured with a sufficient precision. Furthermore, since the 
rough value of thickness can be calculated by the spectral-reflectance method also in a thin film field, the accuracy 
of measurement at the time of using a polarization analysis method can be raised. 

[(M)37] Therefore, to a multilayer with arbitrary thickness, thickness can be measured with a sufficient precision until 
it results [ fi^om several 10 micrometers ] in a thin film lOOOA or less. 

[0038] In addition, this invention is not limited to the gestalt of operation. That is, in the gestalt of operation 
mentioned above, although measured with the spectral-reflectance method, you may measure by the white 
interference method. In addition, of course, deformation implementation is variously possible in the range which does 
not deviate from the summary of this invention. 
[0039] 

[Eff ct of the Invention] While according to this invention carrying out incidence of the light to a sampi , d tecting 
the reflected light and a spectral-reflectance method or a white interference method determining the lower lay r 
thickness range of a multilayer Since determine the thickness range of the best layer, Incidenc of the light which 
polarized is carried out to a sampi based on this thickness range, th p larization stat of the reflected light is 
analyzed and th thickness of the b st layer was measur d, when performing pofarizati n analysis, a signal can be 
separated and it becomes possible to perform a highly precise thickness measurement. 
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* NOTICES * 
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DESCRIPTION OF DRAWINGS 




[Brief Description of the Drawings] 

[Drawing 1 ] Drawing showing the composition of the thickness-measurement equipment concerning the form of 1 
operation of this invention. 

[Drawing 2] Explanatory drawing showing the principle of the thickness measurement by the spectral-reflectanc 
method. 

[Drawing 3 l Explanatory drawing showing the principle in the case of applying a spectral-reflectance method t a 
bilayerfilm. 

[ Drawing 4] the spectrum at the time of being about D2=0 A — drawing showing a spectrum 
[Drawing 5] the spectrum at the time of being about D2=l 500 A — drawing showing a spectrum 
[Drawing 6] . Drawing showing the relation of Ci and D1 at the time of about D2=1500 A. 

[Drawing 7] tanpsi obtained by the polarization analysis method, drawing showing the relation of delta Dl and D2 
[Description of Notations] 

10 — Thickness-measurement equipment 

11 12 — System of measurement 

20 — Operation part 

21 Spectral-reflectance method thickness calculation section 

22 — Extremal-value detecting element 

23 — Calculation method selection section 

24 — Polarization analysis method thickness calculation section 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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